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(54) OPTICAL FIBER TRANSMISSION DEVICE 

(57)Abstract: 

PURPOSE: To broaden the band width of the above device and to 
simplify its constitution by disposing an optical fiber for excitation 

between a light emitting element and an optical fiber for signal TTS S !t; 1 [ 

transmission and specifying the numerical apertures, refractive indices 
of cores, etc., of the respective optical fibers so as to satisfy specific 
relations. 

CONSTITUTION: The signal transmission 4 for excitation is disposed 
between the light emitting element 2 and the optical fiber 6 for signal 

transmission. The relations of equation I and equation II are satisfied nas-ka i >u. v 5 y 

when the numerical aperture of the optical fiber 6 for signal transmission 

is NAs, the numerical aperture and major diameter of the optical fiber 4 

for excitation are respectively NAI and L and the refractive index of the 

core and the major diameter of the core are respectively n1 and D. The 

light emitted from the light emitting element 2 built into a module 1 for 

signal transmission is sent via a connector 3 connected by an adapter 5 ^ ^ ^ n 1 (n.»-N,At D ) M 

to the optical fiber 6 for signal transmission. The light is then NAl " 
transmitted via the connector 3 to a signal transmission module 7. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The optical fiber for excitation is arranged between a light emitting device and the optical fiber for 
signal transmissions. It is optical-fiber-transmission equipment with which incidence of the light which carried 
out outgoing radiation of said light emitting device is carried out to said optical fiber for signal transmissions via 
said optical fiber for excitation. The numerical aperture of said optical fiber for signal transmissions is NAs, and 
the numerical apertures and die length of said optical fiber for excitation are NAI and L, respectively, and the 
refractive index of a core and the diameter of a core are n1, respectively. It is [Equation 1], when it reaches and 
is D. 

NAs-NAI>=0.05 (1) 
And [Equation 2] 

D° (n.'-NAP) 

NAI 2 . ' 

Optical-fiber-transmission equipment characterized by coming out and filling a certain relational expression. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About optical-fiber-transmission equipment, even if this invention uses a plastic optical 
fiber with a big numerical aperture for a detail more, it relates to the optical— Fiber-transmission equipment which 
can transmit a signal at high speed. 
[0002] 

[Description of the Prior Art] In transmitting a signal with a quartz fiber conventionally Since it was a single 
mode or GI mold multimode fiber, were suitable for mode dispersion transmitting a signal small at high speed. 
However, a quartz fiber is a narrow diameter, tends to break, and since the cost as the whole including 
connection construction increases, when the short distance to about 100m carries out the signal transmission of 
it, it is set. The plastic optical fiber of the step index mold with which both the core and the clad consisted of 
plastics has often come to be used, 

[0003] Since the numerical aperture NA (numerical aperture) is large, and mode dispersion is large as compared 
with a quartz fiber, as for a plastic optical fiber, a transmission band becomes narrow. The plastic optical fiber 
being used with the transmission speed of current 6-1 0Mbps, and being used by several 10 Mbps(es) in a short 
distance is examined. Although the plastic optical fiber is enough and the place restricted to a light emitting 
device or an electronic circuitry is large in transmission speed if it is a transmission speed of this level, in the 
case of an optical fiber with a large numerical aperture NA, it is necessary to make bandwidth large like a plastic 
optical fiber as a technical problem when computerization progresses further from now on. 
[0004] If the PMMA fiber of core diameter [ of 1mm ] phi is chosen, the relation between Excitation NA and a 
band is measured, and Excitation NA is large, higher-mode power will increase, pulse width will be expanded, and 
a band will become narrow. Moreover, it is shown that bandwidth is so wide that Excitation NA is smalt (the 10th 
fiber union research presentation meeting, 1984, 10, 11-12, the 70th page, IEC3, the band property of a plastic 
optical fiber, Katsuya Yamashita, Yoshinori Hatano, Yahei Oyamada). 

[0005] Now, it is carried out by constituting the optical system which usually combined two or more lenses as an 
approach of restricting Excitation NA, 

[0006] Moreover, although it differs from the case where a signal is transmitted, in the system of measurement 
of transmission loss, an exciter is arranged between the light source and a system-of-measurement-ed fiber, 
and incidence of the light is carried out to an optical fiber according to steady-state mode distribution. For that 
purpose, the method which twists two optical fibers around the typeface of 8, using a mandrel as a configuration 
of an exciter is proposed (JIS C 6863, all plastics multimode optical fiber loss test methods). 
[0007] As an optical fiber of an exciter, the steady-state mode distribution of the optical fiber is attained using 
an optical fiber equivalent to a measuring beam-ed fiber. 
[0008] 

[Problem(s) to be Solved by the Invention] However, if the optical system which combined the lens is 
constituted as an approach of restricting these excitation NA, a problem will be in operability, such as optical- 
axis doubling of a lens, and it will become a problem also in cost. If an exciter is constituted to the typeface of 8, 
steady-state mode distribution can be attained, but in order to round off a unnecessary optical fiber 10m or 
more to a signal transmission several times over and to put it on it, there is a problem that insertion losses, such 
as bending loss, are large further again, 

[0009] Then, the purpose of this invention cancels the trouble mentioned above, its bandwidth is wide, and it is 

in offering the optical-fiber-transmission equipment with which the configuration was simplified. 

[0010] 

[Means for Solving the Problem] In order to attain such a purpose, the optical-fiber-transmission equipment of 
this invention The optical fiber for excitation is arranged between a light emitting device and the optical fiber for 
signal transmissions. It is optical-fiber-transmission equipment with which incidence of the light which carried 
out outgoing radiation of said light emitting device is carried out to said optical fiber for signal transmissions via 
said optical fiber for excitation. The numerical aperture of said optical fiber for signal transmissions is NAs, and 



the numerical apertures and die length of said optical fiber for excitation are NAI and L, respectively, and the 
refractive index of a core and the diameter of a core are n1, respectively. It is [001 1] f when it reaches and is D. 
[Equation 3] 

NAs-NAI>=0.05 (3) And [0012] 
[Equation 4] 

L .,™l*ili (4 ) 

NAI 2 

[0013] It is characterized by coming out and filling a certain relational expression. 

[0014] There is especially no limit in the class of the optical fiber for signal transmissions used in this invention, 
and optical fiber for excitation. 

[0015] The numerical aperture NAs of the optical fiber for signal transmissions of the effectiveness of this 
invention is so large that it is large. It is desirable that this NAs is 0.47 or more, and, as for NAs, it is stilt more 
desirable that it is 0.6 or more. When the light to which the light which carried out outgoing radiation of the light 
emitting device did not become a complicated system, but became the configuration simplified extremely, and 
carried out outgoing radiation of the light emitting device by combining two or more lenses etc. carries out 
incidence of the function of the optical fiber for excitation to the optical fiber for signal transmissions, it needs 
to narrow down Excitation NAI. It is required to be NAs-NAI>=0.05, in order to realize this. Excitation NAI cannot 
be narrowed down as it is NAs-NAI<0.05. The magnitude of this difference is determined by the transmission 
speed of the light demanded. It is [0016], referring to drawing 1 . 
[Equation 5] 

L2 >=D2 x (n12-NA12)/NAI2 (5) 
The ****** approach is explained. 

[0017] the refractive index of the core of the optical fiber for excitation — the refractive index of the clad of n1 
and the optical fiber for excitation — n2 Then, the maximum light-receiving angle theta 0 [it is — numerical 
aperture NAI — 0018] 
[Equation 6] 

NAI=sintheta0 =root (n12-n22) (6) 

It becomes. It is the angle of refraction of the optical fiber for excitation theta 1 It is [0019] when carrying out. 
[Equation 7] 
s i n 6 o 

s i n 6 i 



= n . ( 7 ) 



[0020] It comes out. It is Lmin about the minimum die length of an optical fiber for D and a laser beam to carry 
out total reflection of the core diameter of the optical fiber for excitation once. It is [0021] when it carries out. 
[Equation 8] 

S 1 n01 = J~ ( L 2 „ in D + D= ) (8) 

[0022] It becomes. Therefore, it is [0023] from (6) types, (7) types, and (8) types. 
[Equation 9] 

NAI— sin0o=nt s i n 0 i - r , 2 8 , ( 9 ) 

J { L 2 min + D 55 J 



[0024] It becomes. Therefore, [0025] 
[Equation 10] 

n t 2 D 2 

L 2 min H" D 



N A 1 2 = . . " ( 1 0) 



[0026] It comes out, (10) a formula — L2 min ******** — it is as follows when it solves. 
[0027] 

[Equation 1 1] 

D» (n,*-NAl* ) 

[0028] Therefore, it is [0029] in order to pass the optical fiber for excitation of die-length L. 
[Equation 12] 

T * >T « — ' (n ' 2 " NA12 ) (12) 



[0030] It comes out and a certain thing is required 

[0031] The transmission equipment of this invention is constituted as shown in drawing 2 . The light which 
carried out outgoing radiation is sent to the optical fiber 4 for excitation through a connector 3 from the light 
emitting device 2 included in the module 1 for transmission. Thus, the sent light is sent to the optical fiber 6 for 
signal transmissions through the connector 3 connected by the adapter 5. Next, light is sent to the dispatch 
module 7 through a connector 3. 

[0032] Moreover, the transmission equipment of the optical fiber of this invention may be constituted as shown 
in drawing 3 . 

[0033] According to the configuration shown in drawing 3 , the light which carried out outgoing radiation of the 
light emitting device 2 included in the module 1 for transmission is sent to the optical fiber workpiece 8 for 
excitation. The light which passed this workpiece 8 is sent to the optical fiber 6 for signal transmissions through 
a connector 3. The light which passed this optical fiber 6 reaches the receiving module 7 through a connector 3. 
The optical fiber 9 for excitation is inserted in a supporter 10 like resin or a metal, is processed, and the optical 
fiber workpiece 8 for excitation shown in drawing 3 manufactures it, as shown in drawing 4 . 
[0034] 

[Function] According to this invention, even if it uses a plastic optical fiber with a big numerical aperture as an 
optical fiber for signal transmissions, this optical fiber for signal transmissions can transmit a signal in a far large 
transmission band rather than the transmission band which it originally has. Moreover, since the optical system 
which combined two or more lenses with restricting excitation numerical aperture is not used according to this 
invention, a configuration is simplified. 
[0035] 

[Example] Hereafter, the example of this invention is explained to a detail. 

[0036] The pulse method was used as one approach for measuring the transmission band called for in each 
example. The block diagram of the system of measurement of this pulse method is shown in drawing 5 . 
[0037] The pulse generated in the pulse generator 11 is transmitted to LD (Laser Diode)13 through a driver 12, 
What has a speed of response quick as this LD was used. At the time of an actual signal transmission, the light 
source which is easy to deal with LED etc. if needed may be used. The light which carries out outgoing radiation 
from LD13 passes the optica! fiber 14 for excitation, and the plastic optical fiber 15 for signal transmissions, Si- 
APD (avalanche photo diode)16 is reached, and light is changed into an electrical signal from optical 
reinforcement. This electrical signal is sent to a sampling oscilloscope 18 through amplifier 17. 
[0038] On the other hand, the pulse from a pulse generator 11 is sent to a sampling oscilloscope 18 as a trigger 
signal through the after-generation machine 19. 

[0039] The fast Fourier transform of the pulse shape of incident light and the pulse shape of outgoing radiation 
light which were sent to the sampling oscilloscope 18 was carried out by computer 20, they asked for each 
frequency spectrum, asked for the transfer function further from the ratio, and calculated the transfer band from 
the value from which optical power is set to one half. 

[0040] As an optical fiber for example 1 signal transmissions, the PMMA system plastic optical fiber (Asahi 
Chemical Industry Co., Ltd. make FC1000) whose covering outer diameter the diameter of numerical-aperture 
NA=0.5 and a fiber is LOmmphi, and is 2.2mrnphi was used by die length of 10m. 

[0041] The PMMA system plastic optical fiber 2.2mmphi and whose die length LOmrnphi and a covering outer 
diameter are 1m for numerical-aperture NA=0.28 and a diameter was used for the optical fiber for excitation. 
[0042] LD with an oscillation wavelength of 780nm was used as a light emitting device. 

[0043] The end face of a light emitting device and the optical fiber for excitation set the optical axis, and was 

contacted lightly. Other end faces of optical FABA for excitation and the end face of the optical fiber for signal 

transmissions were connected by the adapter for fiber two fibers using FC connector. 

[0044] The transmission band measured with the above-mentioned pulse method was 600MHz. 

[0045] As an optical fiber for example 2 signal transmissions, the PMMA system plastic optical fiber (Asahi 

Chemical Industry Co., Ltd. make FC1000) whose covering outer diameter the diameter of numerical-aperture 

NA=0.5 and a fiber is LOmmphi, and rs 2.2mmphi was used by die length of 10m. 

[0046] The PMMA system plastic optical fiber 2.2mmphi and whose die length LOmmphi and a covering outer 
diameter are 1m for numericahaperture NA-0.37 and a diameter was used for the optica! fiber for excitation. 
[0047] LD with an oscillation wavelength of 780nm was used as a light emitting device. 

[0048] The end face of a light emitting device and the optical fiber for excitation set the optical axis, and was 

contacted lightly. Other end faces of the optical fiber for excitation and the end face of the optical fiber for 

signal transmissions were connected by the adapter for fiber two fibers using FC connector. 

[0049] The transmission band measured with the above-mentioned pulse method was 450MHz. 

[0050] As an optical fiber for example 3 signal transmissions, the PMMA system plastic optical fiber (Asahi 

Chemical Industry Co., Ltd. make FC1000) whose covering outer diameter the diameter of numerical-aperture 

NA=0.5 and a fiber is LOmmphi, and is 2.2mmphi was used by die length of 10m. 



[0051] The following optical fiber workpiece was used for the optical fiber for excitation. A diameter fills up with 
the configuration the supporter made from PBT which has the centrum whose die length is 6mm in 1.05mm 
about the PMMA system plastic optical fiber numerical-aperture NA=0.28 and whose diameter are LOrnmphi. 
780nm LD was used as a light emitting device, 

[0052] The end face of a light emitting device and the optical fiber for transparent materials set the optical axis, 
and was contacted lightly. Other end faces of the optical fiber for excitation and the end face of the optical fiber 
for signal transmissions set the optical axis similarly, and contacted lightly. 

[0053] The transmission band measured with the above-mentioned pulse method was 580MHz. 

[0054] It was different in example of comparison 1 example 1, the optical fiber for excitation was removed, and 

the transmission band was measured on the same conditions except for the point of having set the optical axis 

and having contacted lightly the end face of a direct light emitting device and the optical fiber for signal 

transmissions. 

[0055] It is 310MHz, it compares with the transmission band of an example 1, and a transmission band is 

[0056] As an optical fiber for example 4 signal transmissions, the polycarbonate system plastic optical fiber 
whose covering outer diameter the diameter of numerical-aperture NA=0.78 and a fiber is LOrnmphi, and is 
2.2mmphi was used by die length of 10m. 

[0057] The PMMA system plastic optical fiber 2.2mmphi and whose die length LOrnmphi and a covering outer 
diameter are 0.5m for numerical-aperture NA=0.5 and a diameter was used for the optical fiber for excitation. 
[0058] LD with an oscillation wavelength of 780nm was used as a light emitting device. 

[0059] The end face of a light emitting device and the optical fiber for transparent materials set the optical axis, 
and was contacted lightly. The end face of other end faces of the optical fiber for transparent materials and the 
optical fiber for signal transmissions was connected by the adapter for fiber two fibers using FC connector. 
[0060] The transmission band measured with the above-mentioned pulse method was 320MHz. 
[0061] As an optical fiber for example 5 signal transmissions, the polycarbonate system plastic optical fiber 
whose covering outer diameter the diameter of numerical-aperture NA^O^S and a fiber is LOrnmphi, and is 
2.2mmphi was used by die length of 10m. 

[0062] The following optical fiber workpiece was used for the optical fiber for excitation. A diameter fills up with 
the configuration the supporter which has the centrum made from brass whose die length is 4mm in 1.05mm 
about the PMMA system plastic optical fiber numerical-aperture NA=0.5 and whose diameter are LOrnmphi. 
[0063] LD with an oscillation wavelength of 780nm was used as a light emitting device. 

[0064] The end face of a light emitting device and the optical fiber for transparent materials set the optical axis, 
and was contacted lightly. Other end faces of the optical fiber for excitation and the end face of the optica! fiber 
for signal transmissions set the optical axis similarly, were contacted lightly, and were connected. 
[0065] The transmission band measured with the above-mentioned pulse method was 310MHz. 
[0066] It was different in example of comparison 2 example 4, the optical fiber for excitation was removed, and 
the transmission band was measured on the same conditions except for the point of having set the optical axis 
and having contacted lightly the end face of a direct light emitting device and the optical fiber for signal 
transmissions. 

[0067] It is 200MHz, it compares with the transmission band of an example 4, and a transmission band is 
[0068] 

[Effect of the Invention] As explained above, even if it uses a plastic optical fiber with a big numerical aperture 
as an optical fiber for signal transmissions, this optical fiber for signal transmissions can transmit a signal in a far 
large transmission band rather than the transmission band which it originally has. Moreover, since the optical 
system which combined two or more lenses with restricting excitation numerical aperture is not used according 
to this invention, a configuration is simplified. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[D rawin g 1] It is an explanatory view for deriving the conditions for narrowing down light into the optical fiber for 
excitation. 

[Drawing 2] It is the block diagram showing one example of the transmission equipment of the optical fiber 
concerning this invention. 

[Drawin g, 3] It is the block diagram showing other examples of the transmission equipment of the optical fiber 
concerning this invention. 

[Drawing 4] It is the mimetic diagram showing the workpiece of the optical fiber for excitation. 

[ Drawing 5] It is the block diagram showing the system of measurement of the pulse method for asking for a 

transmission band. 

[Description of Notations] 

1 Module for Transmission 

2 Light Emitting Device 

3 Connector 

4 Optical Fiber for Excitation 

5 Adapter 

6 Optical Fiber for Signal Transmissions 

7 Receiving Module 

8 Optical Fiber Workpiece for Excitation 

9 Optical Fiber for Excitation 

10 Supporter 

1 1 Pulse Generator 

1 2 Driver 

13 LD 

14 Optical Fiber for Excitation 

15 Optical Fiber for Signal Transmissions 

1 6 Si-APD 

17 Amplifier 

18 Sampling Oscilloscope 

19 After-generation Machine 

20 Computer 
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DRAWINGS 
[Drawing 1] 
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[Drawing 4] 
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[Drawing 5] 



12 




LD Si-APD 



\ 



1 1 



si 3£ 



19 





[Translation donej 




amxmmit UP) (12) & H & (a) aiymmsM&f 

#^¥6-3563 

(43)&gfl B ¥j£ 6 ^(1994) 1 j| 14B 

(5i)int.ci. 5 fi^ijia-^ f i timm^mwi 

G 0 2 B 6/42 7132-2K 



(21)fcHJS#-g- 



C22)£bSBB 



#$£¥4-157952 



^4^0992)6^178 



(71)tfjg&A 000000033 

j T-mmm»^m'rffiwtpm 5 # 1 



#6 



(54) [ mW&Wl *77-f 



(57) [££)] 

(gffciffljt77^^6©iPfJ; 0 O. 0 5 i "9 



to 



□Ho— 




in 



ha— 



-1- 



(2) 



#Hfl3p6 - 3 5 6 3 



N A s — N A 1^0. 0 5 

D 2 ( n i 2 - N A 1 2 ) 



L 2 2=; 



Hftl] 

CD 



N A 1 3 



(2) 



[0 0 0 1] 
[0 0 0 2] 

as^stpfc*. 10 omsa^T^Msg^w-^e^i- 

v $ T+ffl f& £ ft ^ =r v > 7* y # * M (D zf y * ^ y 

[0 0 0 3] 7°7^f^^S77^^infNA (n 
umer i ca 1 aper ture) J^^^^CO"??, if? 

Mb p s^eaiiBaF-tfftfflftttxteo, s^sEst-m*: 

i OMb p sr*ffl^^^t^M^iirv^§ 0 ^ 
mA,1£m<DWkmk IT, ^f*y^Jt77^^oJ:5 

[0 0 04] 37glmm^PMMA7r^/^IR 
1984, 10. 1 1-1 2, g70M, IEC3, 7 s 

7^f^*7r>f^*«m ujtjk*, saw* 

N A s -NA 1^0. 0 5 



[0 0 0 5] £"C, SKNA*fWIKt*5#ttfc UTtt, 

^oTff^ftTv^ 

[0 00 6] Sfc, «*fce»1".S»*£tt*ttSi&^ 

eai«*^«ysai-ett, a«i^7 7 ^^^rpi 

£AM£ii:£ 0 -ttPfcftfcBu It, ^ 

S^S^t^Jlt^S (J IS C 6 8 6 3, 

[0 0 0 7] BHH»©*7 7^/<iLm t&WJ^ft:? 

[0 0 0 8] 

[3BW^«PftL±5 fc1-«lWW U&»L*a*6* ^ftb 

coif A * # v * i v * 5 IS JS ^fe^o 
[0 0 0 9] *^T-, *SSWOBfl«ltt_b3fiLfcBB«ASr 

[0010] 

[KffiSrft?fti-Sfci?>co^g:] 5 feB 

£ft, flWB«**^Srai*tUfc*39SWIB»affl*7r-f 

[ 0 0 1 1 I 
[ft3] 

(3) 

[0012] 



-2- 



(3) 



!Rf0fPF6 - 3 5 6 3 



[»4] 



L 2 ^ 



D 



(n i 2 — N A 1 2 ) 



N A 1 2 



(4) 



[0013] tfe5i^Wc$nr^5 1 1 

[0 0 14] ^p^^^Tffl^5ff^e^?t^r^ 



^ J". £ &'M3l^-Z)7t$> , ^tt: NAs-NAl>0. 0 5 
X+h%Z. tfr&WX+fo&o NAs-NAKO. 0 5 X 



_h~trfe <S £ L < N A s f i 0 . 6JJJLh-Cfc£^ £ HI 1 £r#iS Loo, 

[0016] 
[«&] 



L 2 ^D 2 X (rn 2 -NAl 2 ) /NA 1 2 (5) 

to o 1 7] mmm^r^y<(o^T(om^fm^ui s [oois] 

NA 1 = s i ndo =V~ (ni 2 -n2 2 ) (6) 

[0 0 19] ★ 

s i n Q o 



s i n 0 i 



— n i 



(T) 



[0 0 2 0] T'&5 0 B&afflJt^r-f ^ = T«SrD, * (0 0 2 1] 

D 2 



s i n 0 i ~ 



J~ (L 2 min + D 2 ) 



(S) 



[0 0 2 2] ift£o ft£oT, (6) it. (7) 43 ♦ [0 0 2 3] 
JcO= (8) ^£9, ♦ [g£g] 

n i D 



MA 1 = s i n8o = ni s i n 8 i — 



J~ (L 2 min + D 2 ) 



O) 



[0 0 2 4] <t f^oT, 
[0 0 2 5] 



N A 1 2 = 



n i 2 D 2 



L 2 rain -i"D Z 



* [ftio] 



(10) 



[0026] -cfe& 0 (io) st^rL 2 min iro^rfi? [0027] 

< SfcufeS. ^ [ill] 

D 2 ( n , 2 - N A 1 2 ) 



N A 1 2 



(11) 



[0028] iot> &&i~<r>®mM=iby 7 4 [0029] 

D 2 (n . 2 - N A 1 2 ) 



^ L 



min " — 



N A 1 2 



(12) 



-3- 



5 

[0 0 3 0] -efcsr taSi&s-cfcSo 

10031] &&m<Dfcmm&i±. Mjsttts n 2 fc^t-r 

L T3§{f-& v? ^ — /lx 7 ic^ h in 5 o 
[0 0 3 2] *fc„ *»Ko*^r^^©ffiSS8IS«H:ia 

[0 0 3 3] H3icS+«/*fcJ:*Lff, Sffffi^^a^ 

7r-f ^anxffi 8 tc:^ b;h-5 B H <dMH& 8 Sriii§ Lfc 

^Ltsft*^- /V7^a3*-r«- h]3^^l^j^)® 

[0 0 3 4] 20 

* 7 7 ft ^glffl* 7 r ^ ^ i tr ffl v t , - 

10 0 3 5] 

[0 0 3 6] #**WK*5V^■c*»bi^sea6W«S^»] 

[0 0 3 7] /■S/W**** 1 lfc*5V^r«^Ufc^/U^ 

K9-</*l 2^LTLD (Laser Diod 
e) 1 3 t:^f^tl6 Q rt^LD^ LTttiS^iSJtcO^ 

^ejaiffl^^^^^at^r-Y^i s^ii^cr. s i 

— APD (avalanche photo diod 40 

[0 0 3 8] — 1 fab<Ds</l>*tem 

[0 0 3 9] f-^y y^typ^^^/l 8 Jc^ibtL 
ol— ^ 2 0ic£ ^i^M^^y ^SHBtStu -ttu-etb^jg 



4#HfI^6 - 3 5 6 3 

[0 0 4 0] ggaswi 

y^^^ffi^^l. Omm^ 8cS^S3& s 2. 2 mm 
ffi^tt^ FC 1 0 0 0) Sr. *S 1 Om^ttfflL 

[0 0 4 1] lSSft7 7-f^tts HP»NA=0. 2 
8, Blf^l. 0 mm 0 N Sfe«^SiS2. 2mm<f> s ft 

[0 0 4 2] ^5t*X<t It, %Hfcg7 8 0 nm<7>L 

[0 0 4 3] »**^fcJi!rfiffl*7r^^4:^«Btt* 
#£^fc^Tig<SM£^fc 0 BKffl ft 7 7 /*<&*&*>« 

[0 0 44] ±IB WS/V-^fefc: X V jfi"J3£ LfcGi£flF*B: 
6 0 0MH z T-foofCo 

[0 0 4 5] gjffiffij 2 
It^eiffl3fe77^^itt s |PtNA=0. 5, -y 
T 4 '*<T>WBLf£ 1 . Omm^ S|^2. 2 m m <f> 
T*fc5PMMA^^7^fy^3t77>r^ (Mto&X|?g 
s|*S^tt» FC1000) ^^10 mtffl L 
fc. 

[0 04 6] BMgfflJt^T-Y^te. g3PifcNA=0. 3 
7, fiStfSl. 0mm<£, Sff^®^ 2 , 2 mm 0 , ft 
1 ml?&SPMMAS^7^fy^77'f^S 

[0 0 4 7] mytm^ t LT, ^MScft 7 S 0 n mCO L 
[0 0 4 8] »*J^fca«ffl*^T^^t«)«lBH:* 

fflU77^^^-77^f^WW(a'3«t 

ft* 

[0 0 4 9] JilB^/^^&teJ:0ffl®LfcC3S**jEH: 
4 5 0MHz ^4>ofc 0 
[0 0 5 0] HftffiJ 3 

«*ea&ffl*^r-f^fc bt, bsp»na=o. 5 N ^ 

T<f'«DX&& 1 . Omm^ SI^2. 2 mm 
T*fc5PMMA^7^fy^*77^f^ OlUfcj&X^I 
«^C#?±S8 FC 1 0 0 0) Sr, .*SlOm"C«fflt 

[0 0 5 1]H8ffl*77^^l4, Zfe<?3*7T-Y/yjPX 
r?n£H£^Ufc 0 tOtaftHPftNA=0. 2 8, 
^ 1 . 0ram^*5 PMMA^7^^*7 7 ^f 

P BT»^ffijf«^g( Ufct>©-efcS 0 
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7 

Si^irLT, 7 8 0 nm^LD^ffllfc e 

[0052] ftftm*kmftfofftyt7T-<('<k<Df$&mtti 
ioo5 3] ±&<os<A'xmz& osy^Lfceaiwtttt 

5 8 OMHzt'fcot 
[0 0 5 4] 1 

[0 0 5 5) B^mmt 310 MH z "Tffc «K SKSSffl 1 

[0 0 5 6] H^gjj 4 
ff^nSM^r^/^LT, iPSNA=0. 78, 
7 7^^tS^l. Omm 0 H fflcB^S^ 2 . 2 mm 

[0 0 5 7] 8Mg|3fi7r^^B, PlPtNA-0. 
5, BtSiSl, Omm^ SJS^H^ 5 2 . 2mm^J: 

[0 0 5 8] 31**^ £: LT S »tgjjtfi7 8 0 nmCDL 

[0 0 5 9] *}t»fi»*»:ffl3l!7r^/<tc«IB 

tisxof&m t \t ^fcmm r^^t <om&^ fcs^ 

[0 0 6 0] Jifa<^^^^icj:O^J^UfcS^^^ 

3 2 O MH z -Cfoo5t 0 
[0 0 6 1] ggjffijjj 
«*B»I*7 7-f^ttT, HP|tNA=0. 78, 
7 7^^itl#l. Omm*, 2mm 
0"C&SsRy*— sR*-f h*7 F 7^fy?jE77^^ 

[0 0 6 2]Bifflft7 7^U JSfe^Jfe^r^^PX 
D°pS:ffiffl Lfe, *(O#fiKttl|pftNA=0. 5, jig** 
1 . OmmK'WPMMAiy77f^^)S77^^ 

[0 0 6 3] LT\ »Sjft*7 8 0 nm(DL 

too6 4] ft%m*kmffifcm$t7T<{'*k<offi&te 

[0 0 6 5] ±E^^ffi*cJ;OWEbfceiS«F«tt 



(5) 6 - 3 5 6 3 

s 

3 1 0 MH z t?feofc 0 
[0 0 6 6] JfcBEffJ 2 

[0 0 6 7] fifi6#«tt-2 0 0 MH zl:*^ SUfeflAJ 4 

it« trio fc 0 

[0 0 6 8] 

7^f-7^*77^f^^eiffljt77^^tUffl 
[Hill 3ttS!ilSffl^7r^^rt^iRl9^fc*^f* 

20 [[12] 

[04] mmm^ r 4 ^<DMT-&*^m&mx~& 

1 Sif/f^v^—A- 

30 2 ^3t*^ 

4 mmmyt-7r^ ^ 

5 

7 gf^e^a^/p 

1 0 

1 1 s</uxft§i& 

40 12 K7-f 

13 LD 

14 ®}MRtft7 T -f 

1 5 fflr*ea6ffl*7r-f^ 

16 Si — A P D 

1 7 mmm 

1 9 mm^±m 

2 0 ^yt'i-^ 
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(6) 



4#B8¥6 - 3 5 6 3 



[Bl] 




Lmln 



[14] 





r 






1 — 1 





10 



IH2] 





12 3 4 3 5 3 



f 



[0 3] 
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(7) 



6 - 3 5 6 3 



[13 5 I 



12 




1 1 



it 3fc 



19 




16 



LD Si-APD 





-7- 



